ABSTRACT. Mosquitoes (Diptera, Culicidae) inhabiting foliar tanks of Guzmania brasiliensis Ule (Bromeliaceae) in central Amazonia, Brazil. Mosquitoes in the family Culicidae develop their immature forms in different environments depending on various circumstances. This study represents the first contribution to the ecological knowledge of culicids living in the bromeliad G. brasiliensis. The objectives of the study were to compare the Culicidae fauna of bromeliads in two seasonal periods, analyzing their abundance, richness and the influence of pH, conductivity and water volume, on the populations. Sampling was done at Reserva Adolpho Ducke, Manaus, Amazonas, Brazil between 2003 and 2005. Six samplings were done in the rainy season and six in the dry season. On each sampling day, six terrestrial and six epiphytic bromeliads, totaling 144 sampling units, were retrieved. A total of 444 immature mosquitoes were collected, distributed in the following species:
Plants in the family Bromeliaceae are essentially neotropical, consisting of approximately 3086 species distributed among 57 genera (Nara & Weber 2002) . In the south and south-east regions of Brazil, the Atlantic Forest has the greatest generic diversity of this family due to the high degree of endemism and the interaction of the diversity of bromeliads with the fauna that inhabit them (Kaehler et al. 2005) . In the Amazon, 64 bromeliad species are known to occur, distributed into 14 genera (Smith 1955) ; these are reported in a variety of different habitats (Ribeiro et al. 1999) .
Rainwater and organic resources incorporated through the debris that fall into the axils of bromeliads are essential factors in the bromeliaceous system (Kitching 2000) . Bromeliads are considered to be a permanent habitat that is favorable to the colonization of a diverse insect fauna, with Diptera being well represented (Frank 1983) . Once the foliar tanks are established, the colonization and maintenance of aquatic organisms is possible by means of ecological processes such as dispersion, colonization and interaction between species (Richardson et al. 2000) , resulting in a complex food chain (Laessle 1961; Kitching 2000; Ambruster et al. 2002) .
Culicids are common in this type of habitat (Frank & Lounibos 1983; Müller & Marcondes 2006 Liria 2007) . In Brazil, interest in phytotelmata began with studies on Anopheles Meigen and on species of epidemiological interest in the subgenus Kerteszia Theobald (Veloso et al. 1956; Aragão 1968a, b) associated with bromeliads in the genera Vriesea Lindley, Aechmea Ruiz & Pavón and Nidularium Lem. (Kitching 2000; Forattini 2002; Müller & Marcondes 2007) .
In the Amazon, knowledge of the culicid fauna in bromeliads is scarce due to the vast geographical extension of the area, the great diversity of habitats and the lack of researchers focused on studies of phytotelmata, among other factors.
Information based on the conservation of natural resources can be used both for the preservation of species and to control of diseases transmitted by mosquitoes. In the Central Amazon, this study represents the first contribution to the knowledge of mosquitoes associated with leaf axils of Guzmania brasiliensis Ule, 1907 . The objectives were: to survey the fauna of immature Culicidae in epiphytic and terrestrial bromeliads; to compare the abundance of Culicidae in two seasonal periods (rainy and dry); and to determine whether there is correlation between pH, conductivity, temperature, and volume of the water and the mosquito species associated with bromeliads.
MATERIAL AND METHODS
Study Area -The study was conducted in the Reserva Florestal Adolpho Ducke -RFAD (02°55'S, 59° 59'W), located at km 26 of the State Highway AM 010. This Reserve has an area of 100 km 2 and belongs to the Instituto Nacional de Pesquisas da Amazônia (INPA). The vegetation is "terra firme" (not seasonally flooded) forest (Pires 1974) , composed of different habitats that may be recognized as plateau, slope, campinarana (white-sand scrub forest) and valley bottoms (Ribeiro et al. 1999 ). This area is still well preserved and is not completely isolated from the continuous forest. However, it is environmentally threatened by increasing human occupation at its edges (Ribeiro et al. 1999) .
Samples were taken in areas of campinarana, which has as its main characteristics, soil composed of white sand and large accumulation of litter, partially closed canopy (with trees between 15 and 25 m tall), high incidence of light and few large trees (Ribeiro et al. 1999) .
The phytotelmata species studied was G. brasiliensis ( Fig.  1) , which is widely distributed throughout the Amazonian region (Leme 1993) . This species has long leaves with acute apices and small red enlarged foliar sheaths that allow formation of water reservoirs. This bromeliad is abundant in the Reserva Ducke, occurring mainly in valley bottoms (baixadas) and in campinarana areas (Ribeiro et al. 1999) .
Data Collection -A total of 12 samplings were collected, six in the rainy season (April, May and June 2003, March 2004; March and April and 2005) and six in the dry season (August, September and October 2003/2004) (Ribeiro & Adis 1984) (the data collection during rainy season was slightly altered due to logistical issues).
In each month, 12 bromeliads, six terrestrial and six epiphytic located between 1 and 3m above the ground, were sampled, resulting in 144 sampling units analyzed. The following physical and chemical variables of the water in the tank of each bromeliad were measured: pH, electrical conductivity (μS/cm), temperature (°C) and volume (mL). Data on precipitation were obtained from the Embrapa Western Amazon experimental station, Manaus, Amazonas, located at km 30 on the AM 010 Highway.
In the laboratory, larvae were kept alive and fed until they attained adulthood. Species identifications were based on morphological characters using the keys by Rozeboom & Komp (1950) , Lane (1953a, b) , Forattini (1965a, b) , Forattini & Toda (1966) , Forattini (2002) and Motta et al. (2007) .
Data analysis -The relationship of water volume to the community of immature Culicidae was observed using two regressions: 1) a simple regression between the number of culicids and volume of water (mL) and 2) a multiple regression where species richness was related to the volume of water and the total abundance of individuals. As in the first regression, the residuals did not have homocedasticity of variance. The abundance values were transformed using Ln (x+1) (Zar 1996) .
The "t" test was used to check the influence of seasonal periods on the abundance of culicids. Logistic regressions were conducted with all species found in order to observe which factors were related to their occurrence. Variables used included pH, temperature and conductivity. These physical and chemical parameters were chosen because they are strongly associated with the amount of nutrients in aquatic systems (Yanoviak 2001) .
RESULTS AND DISCUSSION
A total of 444 immature Culicidae were collected. Of these, 308 were collected in the dry season and 136 in the rainy season. These Culicidae belong to the tribes Culicini and Sabethini represented by Culex (Microculex) stonei (43.7%), Culex (Microculex) chryselatus 11.7% and Culex (Microculex) sp. 1 (2%), Wyeomyia (Hystatomyia) autocratica (21.8%) and Wyeomyia (Hystatomyia) splendida (20.7%).
Epiphytic and terrestrial bromeliads - Table I shows the spatial distribution in relation to the richness and abundance of the species present, demonstrating, in a general way, that the number of immatures in the two strata and in the different months sampled was small, suggesting there is little variation of amplitude in their occurrence (between 1 and 3 m). The exception was Culex (Microculex) sp., which in May (rainy period) only occurred in epiphytic bromeliads, and in August (dry period) occurred in both strata. Cx. (Mcx.) chryselatus occurred mainly in the dry season and was found in both strata. These differences may have been caused due to the fact that strata would probably be better viewed if the tanks were checked monthly and in other seasonal periods, or the low abundancy of these taxa during the collecting data period. Mestre et al. (2001) , working in the southern Brazilian state of Paraná, reported that macroinvertebrate communities in the bromeliad Vriesea inflata Wawra, 1883 did not show significant differences between epiphytic and terrestrial strata in terms of abundance and richness of taxa. Yanoviak (1999) working in Panama with populations of Culicidae in tree holes that were vertically stratified (between 10 and 20 m) attributed a decline in the abundance of culicids to factors unrelated to the different strata; the decline was attributed to factors such as lack of physiological tolerance of the organisms present, predation and especially the availability of food resources.
The culicid fauna of in G. brasiliensis was composed of species commonly found in bromeliads and in other phytotelmata (Machado-Allison et al. 1986; Forattini 2002; Müller & Marcondes 2007) . According to Forattini (2002) , there is evidence of association of mosquitoes with certain plants. The subgenus Microculex Theobald (Table  I) was the most abundant. According to Silva et al. (2004) and Müller & Marcondes (2006) , the immature forms are specialized in colonizing this environment, taking into account the availability of ideal conditions for procreation and development of larvae. A large group of culicids also inhabits tree holes, internodes of bamboo and inflorescences of Heliconia L. (Machado-Allison et al. 1986; Sunahara et al. 2002) . They also inhabit the axils of Mauritia flexuosa L., 1782 (Arecaceae), where they are part of a complex food chain as prey for top predators, such as Odonata, and where their abundance is significant related to factors such as the volume of water present in the leaf axils (Neiss 2007) .
Three Culex species were collected in the present study, with Cx. stonei standing out as the most abundant. These species are well distributed in the Neotropical region (Clastrier 1970; Navarro 1998) . Cx. stonei was collected in Vriesea splendens (Brongn.) Lem. 1850, in Venezuela, it is a homoplasic species, as demonstrated through parsimony endemicity analysis, and has a simultaneous distribution, being found on Cerro Copey Island and in Bolivar state in the Gran Savana and Auyan-Tepui National Parks in Venezuelan Guyana (regions that border on Brazil) (Navarro et al. 2007) .
In the Brazilian Amazon, Cx. stonei and Cx. chryselatus have been observed in terrestrial and epiphytic bromeliads in the states of Pará, Amapá and Amazonas (Cerqueira 1961 , Forattini & Toda 1966 , besides in axils of M. flexuosa (Neiss 2007) and in epiphytic species of Vriesea splitgerberi (Mez.), 1953 (Torreias 2008) . In southern Brazil they are found in the axils of Nidularium innocentii Lem., 1855 (Bromeliaceae), but there is no record there of the species collected in the present study. However, Culex (Microculex) constituted almost the entire sample; nine species were found, of which Cx. albipes Lutz was the most abundant (Müller & Marcondes 2007) .
Wy. (Hys.) autocratica and Wy. (Hys.) splendida identified in this study using the taxonomic classification proposed by Judd (1998) . Wyeomyia autocratica and Wy. splendida appear to be restricted to developing in bromeliads (Judd 1998 ). In the Amazon, Cerqueira (1961) reports Wy. autocratica in Manaus, Amazonas, in four localities in the state of Pará and in Cuiabá, Mato Grosso, where the larvae were found at the base of leaves of Bromeliaceae and adults were caught with human bait in the woods during the day. It is well known that Wy. autocratica is both diurnal and sylvatic (Forattini 2002) . This species usually feeds on small mammals and birds and on human beings if present in the forest, mainly at dusk (Consoli & Lourenço-de-Oliveira 1994; Forattini 2002) .
Influence of dry and rainy periods in abundance of Culicidae -The highest rate of rainfall occurred in March 2004 (Fig. 2) . Although not statistically significant, the data are suggestive of differences between the abundance of culicids and the seasonal periods (t-test, t= -5.517; p= 0.616) (Fig. 3) . The highest abundance of individuals was found in the dry season in October 2003 (Fig. 2) .
These results are similar to those reported by Liria (2007) , who found higher numbers of culicids, as well as higher diversity of these organisms, during the dry season in the bromeliads Aechmea fendleri Andre, 1889 and Hohenbergia stellata Schult, 1818 in Venezuela. This author attributed the increase in abundance to the presence of multiple compartments in the plant (lateral foliar tanks) that retain water and debris. Thus, female Culicidae are able to recognize these microhabitats, which are favorable as larval habitat, supporting the hypothesis that species such as Wyeomyia e Culex (Microculex) inhabit the studied plants even in the face of reduced rates of precipitation (Lopez et al. 1998) .
Influence of physical and chemical variables -The volume of water in bromeliads varied from 50 to 450 mL, pH from 4.6 to 6.9, electrical conductivity from 10 to 50 µS/ cm and the temperature remained approximately 27°C, as expected for nurseries located in shaded areas as a result of vegetation cover. In general, phytotelmata of bromeliads do not vary greatly in the quality of water in the tanks, so that the physical and chemical characteristics of the water do not change abruptly; there is, however, variation in the quantity of water in the reservoir (Kitching 2000) .
Culicidae richness showed no relation to the total abundance of culicids, but rather to the volume of water in the tanks (p= 0.001) ( Table II) . The abundance of culicids was positively correlated with the volume of water (F= 8.834; p= 0.003; r 2 = 0.062), a fact already observed by Lounibos (1983) and Ospina-Bautista et al. (2004) .
Two species had their occurence related to pH (Wy. autocratica e Wy. splendida) (Table III, Figs. 4 and 5, respectively) . In bromeliads, the amount of organic matter available in the tank tends to be an essential resource for the occurrence of species, affecting their abundance and richness (Kitching 2000 (Kitching , 2001 . Abiotic factors such as pH and temperature affect the concentration of organic matter in the water (Esteves 1998) , thus the volume of water has an indirect effect on the community of Culicidae by means of these abiotic conditions. Another possibility is that the increase in the volume of water also leads to an increase in the occurrence of predators such as Coenagrionidae (Odonata) and Veliidae (BP) = number of bromeliads positive for Culicidae, * epiphytic bromeliad, ** terrestrial bromeliad, *** terrestrial and epiphytic bromeliad. (Lopes et al. 1985; Furieri 2004 ), although it is not strong enough to eliminate the positive correlation between abundance and volume, only being able to reduce this effect, as anticipated in the models proposed by Casula et al. (2006) . The weak correlation between abundance of culicids and water body volume can then be explained, not by the increase in space or of alloctonous resources that favor higher growth of culicid populations, but rather by changes in physical and chemical variables, as was found in the species Wy. autocratica and Wy. splendida, the occurrence of which is related to pH (Table III) .
Studies related to tolerance in pH ranges have indicated that some groups show direct responses (Kitching 2000) . Exemplifying this, Benzing et al. (1972) showed that bromeliads in the genus Aechmea have their water changed from acidic to alkaline when seaweed cultures are introduced. However, the presence of insect larvae promotes the opposite effect, increasing the pH of the environment. Paradise (2000) noted the increase of Culicidae females in the presence of Scirtidae larvae (Coleoptera) because the latter act efficiently in the process of decomposition, acidifying the environment or promoting changes in the pH zones (4.5 to 6.5), reducing the mortality of mosquitoes in tree holes. Therefore, these metabolic responses could be an indication of success resulting from the high degree of specificity that certain insects such as Wy. autocratica and Wy. splendida, as well as other taxa, have established with phytotelmic environments (Kitching 2000) .
The bromeliad G. brasiliensis hosted four species of Culicidae. Thus, we may consider these immatures to be important components in the aquatic community present in G. brasiliensis, since the success of the occurrence and abundance of the species investigated, such as those of the genus Wyeomyia, are associated not only with the quantity of water in the tank but also with abiotic factors such as pH. Probably these factors added to the ability of the plant to retain water and make alloctonous organic resources available to the insect community, promoting a gradual increase in the quantity of culicids, found in the bromeliads Vriesea and Guzmania, where these are factors were responsible for maintaining this microcosm.
